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(57) ABSTRACT 

A system and method for executing random pulse Width 
modulation in electronic poWer converters. In accordance 
With this invention, the sampling period of sampling cycles 
for pulse Width modulation remains constant While the 
period of sWitching cycles are varied. The periods of sWitch 
ing cycles are varied using random numbers to calculate 
delays betWeen the start of coincident sampling and sWitch 
ing cycles. 
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RANDOM PULSE WIDTH MODULATION 
METHOD AND DEVICE 

CROSS-RELATED 

[0001] This application is a utility application claiming 
priority to an earlier ?led US. Provisional Application No. 
60/301,554, ?led Jun. 27, 2001. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to electronic poWer convert 
ers. More particularly, this invention relates to control of the 
input and output of electronic converters. Still more particu 
larly, this invention relates to a system and apparatus for 
controlling electronic poWer converters using, random pulse 
Width modulation. 

[0004] 2. The Prior Art 

[0005] Electronic poWer converters include AC/DC con 
verters also knoWn as recti?ers and DC/AC converters also 
knoWn as inverters. Typically, an electronic poWer converter 
is a netWork of semiconductor poWer sWitches. The funda 
mental component of output voltage of an electronic poWer 
converter is controlled by opening and closing individual 
sWitches in the netWork. The opening and closing of the 
individual sWitches is controlled by pulse Width modulation 
(PWM) of sWitching signals applied to the individual 
sWitches. The distribution of the sWitching signals in time is 
referred to as a sWitching pattern. PWM may also be used to 
make current draWn from an AC supply source sinusoidal 
and in phase, With the supply voltage Which maximiZes 
utiliZation of the current in a recti?er. In inverters, appro 
priate Width modulation of the sWitching pulses reduces the 
distortion of the output voltage and current. 

[0006] One example of a system that uses electronic 
poWer converters controlled by PWM is an adjustable speed 
AC drive. Typically, an adjustable speed AC driver includes 
a recti?er, a DC link, an inverter and an AC motor. The 
recti?er converts input AC voltage from a poWer grid into a 
DC voltage. PWM or phase control may be used to control 
the recti?er. Alternatively, the recti?er may be uncontrolled. 
The DC link connects the recti?er to the inverter. The DC 
link is a capacitive or inductive-capacitive loW-pass ?lter. 
The inverter receives the DC voltage from the DC link and 
converts the DC voltage to a three-phase, adjustable fre 
quency, and adjustable magnitude AC voltage. PWM is used 
to control the inverter. The AC voltage is then applied to the 
AC motor. 

[0007] In most electronic poWer converters controlled by 
PWM, the sWitching frequency is constant. The sWitching 
frequency is the number of sWitching cycles per second and 
per sWitch. In a recti?er, the sWitching frequency is typically 
tWo orders of magnitude higher than the input frequency. In 
an inverter, the sWitching frequency is typically tWo orders 
of magnitude higher than the output frequency. The sWitch 
ing cycles are also typically coincident With sampling cycles 
of a digital pulse Width modulator controlling the converter. 
The coincidence of the sWitching and sampling cycles 
makes the sWitching frequency constant substantially equal 
to the sampling frequency. 

[0008] Coincident cycles are a solution of convenience for 
makers of electronic poWer converters. HoWever, coincident 
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cycles may cause many problems. One problem With a 
constant sWitching frequency is the constant sWitching fre 
quency results in clusters of higher harmonics in poWer 
spectra of voltages and currents of a converter at multiples 
of the frequency. These harmonics may cause undesirable 
side effects in systems connected to the input and outputs of 
the converter. For example, an adjustable speed AC drive 
having an inverter that is pulse Width modi?ed may have 
harmonic torques and forces generated in the motor that 
produce tonal noise and increase susceptibility of the drive 
to vibration. 

[0009] Harmonic components of current from a poWer 
grid may cause electromagnetic interference (EMI) that is 
radiated into space surrounding the converter and is con 
ducted to the grid. The EMI is concentrated in distinct 
narroW bands and may disrupt operations in sensitive com 
munications equipment exposed to the EMI. These disrup 
tions may be reduced by adding a special ?lter that may 
increase the expense and complexity of the equipment. 
There is a need in the art for a method of controlling an 
electronic poWer converter With PWM that reduces this and 
other problems. 

[0010] Random Pulse Width Modulation (RPWM) tech 
niques have been used to control electronic poWer convert 
ers. RPWM techniques have been described in “Random 
Pulse Width Modulation Techniques for Converter-Fed 
Drive Systems—A RevieW” A. M TrZynadloWski et al., 
IEEE Transactions on Industry/Applications, Vol. 30, No. 5, 
pp. 1166-1175, 1994. An RPWM technique is characteriZed 
by random variations of the sWitching frequency. The ran 
dom variations of the frequency alleviate undesirable com 
ponents in PWM electronic poWer converters. Speci?cally, 
the fundamental AC component in PWM higher harmonics 
remains unchanged. HoWever, the spectral poWer, measured 
in Watts, is converted to continuous poWer density, mea 
sured in Watts per HertZ, instead of being concentrated in the 
higher harmonics. The poWer spectra of the output voltage 
and current from a RPWM poWer converter emulate the 
spectrum of White noise. Consequently, spurious phenomena 
are signi?cantly mitigated. Some examples of spurious 
phenomena mitigated include tonal acoustic noise, radiated 
EMI, and conducted EMI. 

[0011] In most applications, a PWM converter is part of a 
larger control system. An example of these control systems 
is a digital speed or position controller of an electric drive. 
In order to provide PWM, a modulator connected to the 
converter must be provided With a reference signal of the 
output voltage prior to the beginning of a sWitching cycle in 
Which a voltage Will be generated by the poWer converter. 
This signal is typically produced by a control system in a 
sampling cycle preceding the sWitching cycle for Which the 
signal is used. Thus, period of coincidental sampling and 
sWitching cycle are of the same length Whether the sampling 
cycle is constant or of random length. This alloWs a modu 
lator to receive signals for the reference voltage in time to 
compute and generate a sWitching pattern for the next 
sWitching cycle. It is a problem in systems having a random 
length of sWitching periods that this method requires the 
sampling cycle to vary by the same amount as the sWitching 
cycles. The use of identically varying sampling and sWitch 
ing cycles is easy to implement. HoWever, these cycles are 
inferior to systems With constant sampling frequencies. A 
constant sampling frequency is superior because the con 
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stant frequencies represent a ?xed level representing an 
optimal trade-off betWeen various operating requirements. 
For this reason, RPWM has been a less desirable alternative 
for providing PWM in electrical poWer converters. There 
fore, there is a need in the art for a system that provides the 
advantages of RPWM While taking advantage of constant 
sampling cycles. 

BRIEF DESCRIPTION OF THE INVENTION 

[0012] The above and other problems are solved and an 
advance in the art is made through a method and apparatus 
for random pulse Width modulation of an electronic poWer 
converter in accordance With this invention. In accordance 
With this invention, a method for Random Pulse Width 
Modulation (RPWM) is provided having constant periods 
for sampling cycles and random periods for sampling cycles. 
This method of RPWM is ?exible and alloWs shaping of the 
frequency spectrum of the output voltage and input current 
of a poWer converter. This shaping optimiZes the mitigation 
of spurious side effects. 

[0013] In accordance With this invention, a modulator 
having a processor or microprocessor executing instructions 
stored in memory provides a method of RPWM. Alterna 
tively, the modulator has circuitry that performs these steps. 

[0014] RPWM is provided in the folloWing manner. The 
method begins by determining a sWitching period randomly 
for a sWitching cycle subsequent to a current sampling cycle. 
The method then determines a sWitching pattern from a 
reference voltage generated from sample signals detected 
and processed in the current sampling cycle. SWitching 
signals are then generated to make a speci?c sWitching 
pattern. The sWitching signals are then transmitted to 
sWitches of the converter during the sWitching cycle. 

[0015] In accordance to the method of this invention, the 
sWitching period may be determined by calculating the 
sWitching period. In one exemplary embodiment, the calcu 
lation of the period may start by generating a ?rst random 
number. A ?rst delay betWeen the sWitching cycle and a 
coincident sampling cycle is determined by multiplying the 
random number by the period of the coincident sampling 
cycle. Asecond random number is generated and multiplied 
by the period of a sampling cycle to determine the second 
delay. The second delay is the delay for the sWitching cycle 
subsequent to the cycle being calculated. The period of the 
sWitching cycle is then calculated by subtracting the ?rst 
delay from the period of the sampling cycle and adding the 
second delay to the result. 

[0016] The start time of the sWitching cycle is then cal 
culated by adding the ?rst delay to the start time of the 
coincident sampling cycle. The sWitching signals are then 
transmitted to the converter from the start time until the 
calculated period expires. 

[0017] Sometimes the period of the sWitching cycle may 
be too short for calculation of the sWitching signals. There 
fore, a comparison of the calculated sWitching period With a 
speci?c minimum alloWable value of this period may be 
required. This minimum alloWable value is hereinafter 
referred to as a sWitching period minimum. If the calculated 
sWitching period is less than the sWitching period minimum, 
the sWitching period is changed to the minimum sWitching 
period. If the period is changed to the minimum sWitching 
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period the delay for the subsequent sWitching period must be 
adjusted. In the exemplary embodiment, the calculation of 
the second delay for the subsequent sWitching period is 
completed by subtracting the sample period from the sWitch 
ing period and adding the ?rst delay. 

[0018] The reference voltage may be received from a 
control system that generates the reference voltage from 
sample signals received in a previous sampling cycle. 

BRIEF DESCRIPTION OF THE DRAWING 
FIGURES 

[0019] The above another features and aspects of this 
invention are described beloW and shoWn in the folloWing 
draWings: 
[0020] FIG. 1 illustrating a system incorporating an elec 
tric poWer converter and circuitry for controlling the poWer 
converter in accordance With this invention; 

[0021] FIG. 2 illustrating a processing system that pro 
vides random pulse Width modulation in accordance With 
this invention; 

[0022] FIG. 3 illustrating an example of a sWitching 
pattern; 

[0023] FIG. 4 illustrating an example of poWer circuit of 
a three phase inverter; 

[0024] FIG. 5 illustrating a graph of voltage vectors for 
the three phase inverter; 

[0025] FIG. 6 illustrating a graph of randomiZation of 
sWitching periods; 
[0026] FIG. 7 illustrating a How diagram of processing 
steps for providing random pulse Width modulation in 
accordance With this invention; and 

[0027] FIG. 8 illustrating a How diagram of processing 
step for determining a sWitching period in accordance With 
this invention. 

DETAILED DESCRIPTION OF A PREFERRED 
EMBODIMENT 

[0028] Persons of ordinary skill in the art Will realiZe that 
the folloWing description of the present invention is illus 
trative only and not in any Way limiting. Other embodiments 
of the invention Will readily suggest themselves to such 
skilled persons having the bene?t of this disclosure. 

[0029] FIG. 1 illustrates an exemplary embodiment of an 
AC adjustable-speed drive 100 that implements Random 
Pulse Width Modulation in accordance With this invention. 
In drive 100, poWer supply 105 supplies electrical voltage 
for AC adjustable speed drive 100. The electrical voltage 
from poWer supply 105 is applied to EMI ?lter 110 via path 
107. Recti?er 115 receives the voltage from ?lter 110 via 
path 112 and converts the voltage to a DC voltage. The DC 
voltage is then applied to a DC link 120 via path 117. DC 
link 120 provides the DC voltage for three-phase inverter 
125 via path 122. The DC voltage is converted to an AC 
voltage by three-phase inverter 125 and is applied to AC 
motor 130 via path 127. AC motor 130 then drives load 135. 

[0030] Control system 150 receives command signals via 
path 155 from various components of drive 100. Control 
system 150 generates a reference voltage from the control 
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signals. Control system 150 then generates reference voltage 
signals and transmits the reference voltage signals to a 
modulator 140 via path 145. Modulator 140 uses the refer 
ence signals to determine a sWitching pattern for three-phase 
inverter 125 and generates sWitching signals applied to 
three-phase inverter 125 during the next sWitching period. 
The sWitching signals are then applied to three-phase 
inverter 125 via path 142 during the next sWitching cycle. 
One skilled in the art Will recogniZe that control system 150 
and modulator 140 may be different application executed by 
the same processor, combined circuitry on a single chip or 
integrated in some other Way Without deviating from this 
invention. 

[0031] This invention relates to a method for providing 
RPWM for a poWer converter, such as three-phase inverter 
125. In accordance With this invention, RPWM is provided 
With sWitching cycles having varying periods and sampling 
cycles having constant periods. One skilled in the art Will 
recogniZe that this method of providing RPWM is not 
limited to application of three-phase inverters and may be 
used to provide RPWM to any type of poWer converters With 
minimal changes to the processing steps. 

[0032] In a preferred embodiment, modulator 140 has a 
processing system 200 illustrated in FIG. 2. HoWever, one 
skilled in the art Will recogniZe that this invention may be 
implemented as Well in ?rmWare, or hard-Wired circuitry. 
Processing system 200 has a processing unit 201. Processing 
unit 201 is a processor, microprocessor, or a group of 
processors and/ or microprocessors that execute instruction 
stored in memory to provide applications. Processing unit is 
connected to a volatile and non-volatile memory via 
memory bus 205. A volatile memory such as Random 
Access Memory (RAM) 210, stores data and instructions for 
applications executed by processing unit 201. Anon-volatile 
memory, such as Read Only Memory (ROM) 215, stores 
instructions and con?guration information for processing 
system 100. 

[0033] Input/Output (I/O) bus 220 connects processing 
unit 201 to peripheral device to exchange data betWeen 
processing unit 201 and the devices. Examples of devices 
connected to processing unit 201 include memory 225, I/O 
device 230, netWork interface 235, display 240, and Digital 
to Analog (D/A) converter 245. Memory 225 is a drive or 
other device for storing instruction and data upon a media 
for future use. Examples of memory 225 include a magnetic 
tape drive and a read/Write Compact Disc (CD) drive. 

[0034] U0 device is a keyboard mouse or other such 
device that alloWs a user to input data. NetWork interface 
230 connects processing system 100 to other processing 
devices for the communication of data. D/A converter 245 
converts signals from processing unit 201 into analog sig 
nals for transmission to connected analog devices. In the 
preferred embodiment, processing unit 201 transmits 
sWitching signals to D/A converter 245 Which converts the 
signals to analog signals that are transmitted to sWitches 
inside inverter 125. One skilled in the art Will recogniZe that 
another type of interface may be used to connect processing 
system 200 to sWitches inside inverter 125. 

[0035] FIG. 3 illustrates an exemplary poWer circuit 300 
in three-phase inverter 125. Positive input terminal 320 and 
negative input terminal 325 connect to DC link 120. Output 
terminals 330-332 connect to motor 130. PoWer circuit 300 
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includes six poWer conductor sWitches 305-311. Each sWitch 
receives sWitching signals via a respective path 311-316. 
SWitches 305-311 are grouped into complementary pairs. 
The pairs are sWitches 305-306, sWitches 307-308, and 
sWitches 309-310. Each sWitch receives a complementary 
signal from the signal received by the complement of the 
sWitch. For example, When sWitch 305 receives a one or a 
high signal, sWitch 306 receives a Zero or loW signal. This 
prevents sWitches in the group from being simultaneously on 
or off. Thus, inverter 125 may be in any of eight sWitch 
con?gurations. One skilled in the art Will recogniZe that the 
poWer circuit 300 may also be in a recti?er. When circuit 300 
is used in a recti?er, a three-phase AC poWer supply is 
applied to terminals 330-332 and output DC appears on 
positive terminal 320 and negative terminal 325. 

[0036] FIG. 4 illustrates a sWitching pattern for a sWitch 
305-310 of inverter 125 and a single cycle output voltage of 
converter 125. FIG. 4 shoWs sinusoidal modulation of 
Widths of the sWitching pulse. 

[0037] In the exemplary embodiment, sWitching signals 
applied to the sWitches 305-310 in inverter 125 are deter 
mined in the folloWing manner. Output voltages of inverter 
125 can be expressed in a complex plane 501, 505 as shoWn 
in FIG. 5. The voltage vectors shoWn in FIG. 5 in a per unit 
format. The DC supply voltage of inverter 125 is taken a 
base voltage. FIG. 5 shoWs six vectors 510-515 of non-Zero 
voltages. Vectors 510-515 result from six states of sWitches 
305-310. TWo other Zero vectors 516, 517 result from states 
Zero and seven. The Zero vectors result in all output voltages 
of inverter 125 being Zero. 

[0038] Vector 520 is an example of a reference voltage. A 
coincident vector of the actual voltages 501, 505 may be 
synthesiZed as a time average of a Zero vector and vectors 
513, and 515 that frame vector 520. In the exemplary 
embodiment, a method of determining the sWitching pattern 
from the reference voltage is Space Vector Pulse Width 
Modulation (SVPWM). SVPWM is executed in the folloW 
ing manner. Compliance With the reference voltage repre 
sented by vector 520 is achieved by setting sWitches in 
inverter 125 to the state represented by vector 513, the state 
represented by vector 515 and the Zero state represented by 
vector 517, each for a speci?c fraction of a sWitching cycle. 
The speci?c fraction of each state is calculated by using 
simple formulas involving the magnitude |v| of the vector 
520, and the angle 0t of vector 520, represented by arroW 
525. One skilled in the art Will recogniZe that other methods 
for determining the sWitching pattern for PWM that may be 
used to determine the sWitching pattern. 

[0039] In accordance With the present invention, RPWM 
is provided having sampling cycles having periods of a 
constant length and sWitching cycles having periods of 
random length. FIG. 6 illustrates a time diagram of sam 
pling cycle periods compared to sampling cycles periods. In 
FIG. 6, the periods of sampling cycles 601-608 are all of the 
length, Tsample. The period of sampling cycles all vary. As 
shoWn in FIG. 6, sWitching periods 611, 612, 614, and 617 
have periods that are greater than sampling period, Tsample. 
SWitching periods 613 and 616 are shoWn to have periods 
that are less then sampling period Tsample. Tsample must be 
suf?ciently long enough to calculate the sWitching pattern 
Within the same cycle as the reference voltage produced. 
This alloWs the sWitching pattern to be determined for a 
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switching cycle before the cycle begins. Switching periods 
615 and 618 are equal to sampling period Tsample. 

[0040] As can be seen in FIG. 6, each switching period 
611-618 has a coincident sampling period 601-608. The start 
of each sWitching period 611-618 is delayed from the 
starting time of the period of the coincident sampling period. 
The sWitching signals that are applied during a sWitching 
period 611-618 are produced from a reference voltage 
generated in the sampling cycle 601-608 immediately prior 
to the coincident sampling cycle 601-608 of the sWitching 
period 611-618. For example, the sWitching signals applied 
in sWitching cycle 613 are generated from the reference 
voltage determined from signals received in sampling cycle 
602. In accordance With this invention, each period of a 
sampling cycle must be of at least a minimal length to alloW 
the sWitching pattern to be applied. One skilled in the art Will 
recogniZe that the exact determination of the required length 
of the period Will depend on factors, including but not 
limited to processing speed of the processor, amount of 
computations needed, and delay time of the sWitches. 

[0041] FIG. 7 illustrates a How diagram of steps executed 
by a processing system to provide RPWM in accordance 
With an exemplary embodiment of this invention. One 
skilled in the art Will recogniZe that although shoWn in a 
particular order, the ordering of steps may be changed. 

[0042] Process 700 begins in step 705 by determining a 
sWitching period randomly for the next sWitching cycle. The 
sWitching period may be randomly determined in any Way 
that varies the length of the sWitching period. FIG. 8 
described beloW is an exemplary embodiment of a process 
for randomly determining the sWitching period. 

[0043] In step 710, process 700 determines the start time 
of the sWitching cycle. Typically, the start time is relative to 
the starting time of coincident sampling cycle. In a preferred 
embodiment, the start time is determined by adding a ?rst 
calculated delay to the start time of a sampling cycle 
coincident to the sWitching cycle. Preferably, any sWitching 
cycle does not start before the start time of a coincident 
sampling cycle. 
[0044] In step 715, process 700 determines the sWitching 
pattern for the sWitching cycle. As stated above, Space 
Vector Pulse Width Modulation (SVPWM) or other PWM 
techniques may be used to determine the sWitching pattern. 
After the sWitching pattern is determined, process 700 
generates the sWitching signals to apply to sWitches in the 
poWer converter in step 720. The sWitching signals are then 
applied to the sWitches in step 725. Process 700 then 
determines Whether another sWitching cycle is needed in 
step 730. If another sWitching cycle is needed, process 700 
is repeated from step 705. OtherWise, process 700 ends. 

[0045] As stated above, FIG. 8 illustrates a How diagram 
of an exemplary embodiment of a process 800 for deter 
mining a sWitching period. One skilled in the art Will 
recogniZe that there are many other alternatives for deter 
mining the sWitching period. Some examples may include 
but are not limited to generating a random length or pro 
gressively changing the length in a repetitive pattern. 

[0046] Process 800 begins in step 805 for determining 
Whether this is a ?rst iteration of process 800. The determi 
nation may be completed by reading the memory storing a 
?rst delay to determine Whether data is stored in the 
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memory. If it is determined that this is a ?rst iteration, 
process 800 generates a ?rst random number in step 810. In 
this exemplary embodiment, the ?rst random number is a 
number betWeen 0 and 1. The ?rst random number typically 
includes only one or tWo signi?cant digits. 

[0047] In step 820, process 800 calculates a ?rst delay by 
multiplying the ?rst random number by the period of the 
sampling cycle. For example, the ?rst random number is 
0.25 and the period of the sampling cycle is Tsample. 
Therefore, the ?rst delay is 0.25*Tsample. 

[0048] After step 820 or a determination that this is not a 
?rst iteration, process 800 generates a second random num 
ber. As stated above for the ?rst random number, the second 
random number is a number betWeen Zero and one, prefer 
ably having one or tWo signi?cant digits. In step 830, 
process 800 determines a second delay by multiplying the 
second random number by the period of the sampling cycle. 
In this exemplary embodiment, the second delay is the delay 
for a sWitching cycle subsequent to the sWitching cycle for 
Which the period is being determined. 

[0049] In step 835, the period for the sWitching cycle is 
calculated. In this exemplary embodiment, each sWitching 
cycle is delayed from the start time of a coincident sampling 
cycle. Therefore, the period of the sWitching cycle is the 
amount of time remaining in the sampling cycle after the 
delay and the amount of delay for the next sWitching period 
from the coincident sampling cycle of the next sWitching 
cycle. Therefore, the folloWing equation is used to determine 
the period of the sWitching cycle: 

[0050] TsWitching=(Tsample—Tdelay1)+Tdelay 2 

[0051] Where: 

[0052] TsWitching=period of the sWitching cycle; 

[0053] Tsample=period of the sampling cycle; 

[0054] Tdelay1=amount of ?rst delay; and 

[0055] Tdelay2=amount of second delay. 

[0056] After the period of the sWitching cycle is deter 
mined, the period of the sWitching cycle is compared to a 
sWitching period minimum in step 835. The sWitching 
period minimum is the minimal amount of time in sWitching 
cycle needed to apply sWitching signals to the sWitches. One 
skilled in the art Will recogniZe that the sWitching period 
minimum may be determined by various parameters includ 
ing, but not limited to processor speed, signal propagation 
time, and sWitching speed. If the sWitching period is less 
than the sWitching period minimum, the sWitching period is 
set to the sWitching period minimum. 

[0057] When the sWitching period is set to the sWitching 
period minimum, the second delay must be changed to 
re?ect the change in the start time of the next sWitching 
cycle. In step 845, the second delay is calculated for the 
changed sWitching period. In the exemplary embodiment, 
the second delay is calculated by the folloWing equation: 

[0058] Tdelay2=TsWitching—(Tsample-Tdelay1) or 

[0059] Tdelay2=TsWitching—Tsample+Tdelay1. 

[0060] After the second delay is calculated or a determi 
nation that the sWitching period is greater than or equal to 
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the switching period minimum, the second delay is stored as 
a ?rst delay for the subsequent switching cycle in step 850 
and process 800 ends. 

[0061] Alternatively, the sWitching cycles may be grouped 
into groups of N sWitching cycles. In this case, a counter Y 
is maintained and incremented at the start of each iteration 
of process 800. A comparison is then made of the counter, 
Y, to the number N before each iteration. If Y=N, the period 
of the sWitching cycle is calculated by subtracting the ?rst 
delay from the period of the sampling cycle according to the 
folloWing equation: 

[0062] TsWitching=Tsample—Tdelay1. 
[0063] After the sWitching period is determined process 
800 ends and returns to process 700. 

[0064] While embodiments and applications of this inven 
tion have been shoWn and described, it Would be apparent to 
those skilled in the art that many more modi?cations than 
mentioned above are possible Without departing from the 
inventive concepts herein. The invention, therefore, is not to 
be restricted eXcept in the spirit of the appended claims. 

What is claimed is: 
1. A method for providing pulse Width modulation of a 

electronic poWer converter comprising: 

determining a sWitching period randomly for a sWitching 
cycle subsequent to a ?rst sampling cycle; 

determining a sWitching pattern from a reference voltage 
generated from sample signals detected in said ?rst 
sampling cycle; 

generating sWitching signals for said sWitching pattern; 
and 

transmitting said sWitching signals to sWitches in said 
electronic poWer converter during said sWitching 
period of said sWitching cycle. 

2. The method of claim 1 Wherein said step of determining 
said sWitching period of said sWitching cycle comprises: 

calculating said sWitching period; 
3. The method of claim 2 Wherein said step of determining 

said sWitching period of said sWitching cycle further com 
prises: 

generating a ?rst random number; and 

determining a ?rst delay betWeen said sWitching cycle and 
a coincident sampling cycle by multiplying said ?rst 
random number and a period of said sampling cycle. 

4. The method of claim 3 further comprising: 

determining a start time of said sWitching cycle by adding 
said delay to a start time of a sampling cycle coincident 
to said sWitching cycle. 

5. The method of claim 4 Wherein said sWitch signals are 
applied to said sWitches in said converter for said sWitching 
period from said start time of said sWitching period. 

6. The method of claim 3 Wherein said step of determining 
said sWitching period of said sWitching cycle further com 
prises: 

generating a second random number; and 

determining a second delay by multiplying said second 
random number and said period of said sampling cycle. 
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7. The method of claim 6 Wherein said step of determining 
said sWitching period of said sWitching cycle comprises: 

calculating said sWitching period by subtracting said ?rst 
delay from said period of said sampling cycle and 
adding said second delay. 

8. The method of claim 7 Wherein said step of determining 
said sWitching period of said sWitching cycle comprises: 

comparing said sWitching period to a sWitching period 
minimum; and 

setting said sWitching period to said sWitching period 
minimum responsive to said sWitching period being 
less to said sWitching period minimum in said com 
parison. 

9. The method of claim 8 Wherein said step of determining 
said sWitching period of said sWitching cycle comprises: 

adjusting said second delay responsive to said sWitching 
period minimum being set to said sWitching period 
minimum. 

10. The method of claim 9 Wherein said step of adjusting 
said second delay comprises the step of: 

calculating said second delay by subtracting said sam 
pling period from said sWitching period and adding said 
?rst delay. 

11. The method of claim 1 further comprising: 

determining a position of said sWitching cycle in a series 
of sWitching cycles. 

12. The method of claim 11 further comprising: 

adjusting said sWitching period responsive to a determi 
nation that said sWitching cycle is a last cycle in said 
series of cycles. 

13. The method of claim 1 further comprising: 

receiving said reference voltage. 
14. The method of claim 1 further comprising: 

generating said reference voltage from sample signals 
received during said ?rst sampling cycle. 

15. A system for controlling electronic poWer converters 
using random pulse Width modulation comprising: 

instructions for directing a processing unit to: 

determine a sWitching period randomly for a sWitching 
cycle subsequent to a ?rst sampling cycle, 

determine a sWitching pattern from a reference voltage 
generated from sample signals detected in said ?rst 
sampling cycle, 

generate sWitching signals for said sWitching pattern, 
and 

transmit said sWitching signals to sWitches in said 
electronic poWer converter during said sWitching 
period of said sWitching cycle; and 

a media readable by said processing unit that stores said 
instructions. 

16. The system of claim 15 Wherein said instructions to 
determine said sWitching period of said sWitching cycle 
further include: 

instructions for directing said processing unit to: 

calculate said sWitching period. 
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17. The system of claim 16 wherein said instructions to 
determine said switching period of said switching cycle 
further include: 

instructions for directing said processing unit to: 

generate a ?rst random number, and 

determine a ?rst delay between said switching cycle 
and a coincident sampling cycle by multiplying said 
?rst random number and a period of said sampling 
cycle. 

18. The system of claim 17 wherein said instructions to 
determine said switching period of said switching cycle 
further include: 

instructions for directing said processing unit to: 

determine a start time of said switch cycle by adding 
said delay to a start time of a sampling cycle coin 
cident to said switch cycle. 

19. The system of claim 18 wherein said instructions to 
apply said switch signals to said switches in said converter 
applies said switching signals for said switching period from 
said start time of said switching period. 

20. The system of claim 17 wherein said instructions to 
determine said switching period of said switching cycle 
further include: 

instructions for directing said processing unit to: 

generate a second random number; and 

determine a second delay by multiplying said second 
random number and said period of said sampling 
cycle. 

21. The system of claim 20 wherein said instructions to 
determine said switching period of said switching cycle 
further include: 

instructions for directing said processing unit to: 

calculate said switching period by subtracting said ?rst 
delay from said period of said sampling cycle and 
adding said second delay. 

22. The system of claim 21 wherein said instructions to 
determine said switching period of said switching cycle 
further include: 

instructions for directing said processing unit to: 

compare said switching period to a switching period 
minimum; and 

set said switching period to said switching period 
minimum responsive to said switching period being 
less to said switching period minimum in said com 
parison. 

23. The system of claim 22 wherein said instructions to 
determine said switching period of said switching cycle 
further include: 

instructions for directing said processing unit to: 

adjust said second delay responsive to said switching 
period minimum being set to said switching period 
minimum. 
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24. The system of claim 23 wherein instructions to adjust 
said second delay include: 

instructions for directing said processing unit to: 

calculate said second delay by subtracting said sample 
period from said switching period and adding said 
?rst delay. 

25. The system of claim 15 wherein said instructions 
further include: 

instructions for directing said processing unit to: 

determine a position of said switching cycle in a series 
of switching cycles. 

26. The system of claim 25 wherein said instructions 
further include: 

instructions for directing said processing unit to: 

adjust said switching period responsive to a determi 
nation that said switching cycle is a last cycle in said 
series of cycles. 

27. The system of claim 15 wherein said instructions 
further include: 

instructions for directing said processing unit to: 

receive said reference voltage. 
28. The system of claim 15 wherein said instructions 

further include: 

instructions to direct said processing unit to: 

generate said reference voltage from sample signals 
received during said sampling cycle. 

29. An apparatus for providing pulse width modulation of 
an electronic power converter, comprising: 

a modulator; 

circuitry in said modulator con?gured to determine a 
switching period randomly for a switching cycle sub 
sequent to a sampling cycle; 

circuitry in said modulator con?gured to determine a 
switching pattern from a reference voltage generated 
from sample signals detected in said sampling cycle; 

circuitry in said modulator con?gured to generate switch 
ing signals for said switching pattern; and 

circuitry in said modulator con?gured to transmit said 
switching signals to switches in said electronic power 
converter during said switching period of said switch 
ing cycle. 

30. The apparatus of claim 29 wherein said circuitry 
con?gured to determine said switching period of said 
switching cycle comprises: 

circuitry con?gured to calculate said switching period. 
31. The apparatus of claim 30 wherein said circuitry 

con?gured to determine said switching period of said 
switching cycle further comprises: 

circuitry con?gured to generate a ?rst random number; 
and 

circuitry con?gured to determine a ?rst delay between 
said switching cycle and a coincident sampling cycle 
by multiplying said ?rst random number and a period 
of said sampling cycle. 
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32. The apparatus of claim 31 further comprising: 

circuitry in said modulator con?gured to determine a start 
time of said sWitch cycle by adding said delay to a start 
time of a sampling cycle coincident With said sWitching 
cycle. 

33. The apparatus of claim 32 Wherein said sWitching 
signals are applied to said sWitches in said converter for said 
sWitching period from said start time of said sWitching 
period. 

34. The apparatus of claim 31 Wherein said circuitry 
con?gured to determine said sWitching period of said 
sWitching cycle further comprises: 

circuitry con?gured to generate a second random number; 
and 

circuitry con?gured to determine a second delay by 
multiplying said second random number and said 
period of said sampling cycle. 

35. The apparatus of claim 34 Wherein said circuitry 
con?gured to determine said sWitching period of said 
sWitching cycle comprises: 

circuitry con?gured to calculate said sWitching period by 
subtracting said ?rst delay from said period of said 
sampling cycle and adding said second delay. 

36. The apparatus of claim 35 Wherein said circuitry 
con?gured to determine said sWitching period of said 
sWitching cycle comprises: 

circuitry con?gured to compare said sWitching period to 
a sWitching period minimum; and 

circuitry con?gured to set said sWitching period to said 
sWitching period minimum responsive to said sWitch 
ing period being less to said sWitching period minimum 
in said comparison. 
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37. The apparatus of claim 36 Wherein said circuitry 
con?gured to determine said sWitching period of said 
sWitching cycle comprises: 

circuitry con?gured to adjust said second delay respon 
sive to said sWitching period minimum being set to said 
sWitching period minimum. 

38. The apparatus of claim 37 Wherein said circuitry 
con?gured to adjust said second delay comprises: 

circuitry con?gured to calculate said second delay by 
subtracting said sample period from said sWitching 
period and adding said ?rst delay. 

39. The apparatus of claim 29 further comprising: 

circuitry con?gured to determine a position of said 
sWitching cycle in a series of sWitching cycles. 

40. The apparatus of claim 39 further comprising: 

circuitry in said modulator con?gured to adjust said 
sWitching period responsive to a determination that said 
sWitching cycle is a last cycle in said series of cycles. 

41. The apparatus of claim 29 further comprising: 

a controller operatively coupled to said modulator; 

circuitry in said controller con?gured to receive said 
sample signal during said sampling cycle; 

circuitry in said controller con?gured to generate said 
reference voltage from said reference voltage; and 

circuitry in said controller con?gured to transmit said 
reference voltage to said modulator. 

42. The apparatus of claim 41 further comprising: 

circuitry in said modulator con?gured to receive said 
reference voltage from said controller. 

* * * * * 


